Abstract. The Multi-Agent Patrolling task constitutes a challenging issue for the MAS field and has the potential to cover a variety of domains ranging from agent-based simulations to distributed system design.
Introduction
The patrolling problem is the formal modelling of the situation in which an area containing multiple points of interest need to be visited as often as possible by a team of people or agents. Two distinct variations have been studied in the past years: adversarial patrolling, in which the area needs to be guarded against intruders, and timed patrolling, where the task is to visit each point of interest as frequently and as regularly as possible. This is measured by metrics based on the temporal distribution of the visits, metrics that must be optimized.
This problem is a very interesting domain for studying coordination in MultiAgent Systems (MAS): it is simple enough to be implemented easily, and various coordination strategies can be compared experimentally by using the chosen metrics. Indeed, the performances of the strategies are directly related to how well the agents are coordinated and share out the visits to all nodes between themselves. Yet the timed patrolling problem can model a wide variety of both real and artificial situations. In modern war-games, it can be important to patrol an area in order to detect changes in the environment. In real life, the problem can appear when agents (humans or robots) must perform repetitive maintenance or preventive tasks (such as checking electric lines to prevent blackout). For these reasons, [6] proposed to use this problem as a benchmark for MAS.
Recently, a variation has been proposed for the timed patrolling problem: the open-system setting. In this new problem, agents may enter or leave the patrolling task at any time, thus requiring the system to adapt and reconfigure as the population of agents changes. This dynamicity allows for more complex applications, such as rescue scenarii in which a rescue agent finds a victim, and must leave the team patrolling the ruins to begin the rescue operations. Another example is when the agents performing the repetitive maintenance tasks begin or finish their shifts.
Several strategies have been proposed for the timed patrolling problem in closed-system setting, and some of them were adapted to the open-system setting. However, these adapted strategies are all centralized: they rely on a single coordinator that manages all the agents in the system. This limits scalability: as the population rises, the coordinator may become a bottleneck both in computational power (too many agents to manage) and in communication load (too many messages to and from the coordinator agent). It also proves to be very sensitive to the state of the communication network, which must be always available and reach every agent in the system. We propose here to distribute the strategy and adapt a decentralized, auction-based strategy proposed for the closed-system setting, the Flexible Bidder Agent from [5] . The auction mechanism provides here a stabilizing effect that is important to manage the dynamicity of the society. We propose several mechanisms to manage the entry or exit of agents in the system, and show that using geographical proximity provides very good results. Finally, we compare the adapted strategy to centralized ones, and show that it provides a high stability and a reactivity that are scalable.
In this paper, section 2 defines formally the patrolling task while section 3 reviews the related work. Section 4 shows how the patrolling strategy (namely auction-based strategy) could be adapted to the case of asynchronous communications. Then, it goes on to propose several "entry" and "exit" mechanisms associated with this new strategy. Section 5 presents our experimentation and the obtained results which are discussed in section 6. Section 7 concludes this paper and sketches some future work.
The Patrolling Problem

The Patrolling Task
In the patrolling problem, the environment is represented as a graph. Each node of this graph is a point of interest in the environment, and each edge links two neighbouring points. Building on the formal descriptions proposed in [2] and [7] , we propose the following description of the multi-agent patrolling task.
The Multi-Agent Patrolling task is formally represented as a tuple G, S, M , with G a graph, S a society of agents and M a set of metrics. The graph G = N, E is composed of a set of nodes N and the associated set of edges E. Each node n i ∈ N has a priority p i . Each edge e j ∈ E has a length l j representing the
